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Land Use Change and Prediction of Carbon Storage in National Rare
Earth Mining Area Based on PLUS-InVEST Model
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Abstract: [Objective]Exploring the impact of land use changes in national-level rare earth mining areas on carbon storage is crucial
for improving the carbon effects in the region and achieving the targets of carbon peak and carbon neutrality. [Methods]This study
uses the PLUS-InVEST coupled model to analyze land use changes over the past 20 years in the mining area and predicts three
scenarios: natural development, ecological protection, and urban development. [Results]From 2000 to 2020, the land use types in the
mining area included five types, grassland, bare land, and other categories, with a total area of 36,197.34 hm?, the grassland accounted
for over 80%. During this period, land use underwent a change of 5 679.20 hm?, with 3,418.88 hm?® of grassland converted into bare
land; under different scenarios, the bare land area showed the greatest change by 2030, In the natural development, ecological
protection, and urban development scenarios, the area increased by 36.86%, decreased by 10.76%, and increased by 40.74%,
respectively; Carbon storage declined year by year, with carbon storage values of 24.15x10°, 23.29x10°, and 22.18%10° t in 2000,
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2010, and 2020, respectively. The predicted carbon storage for 2030 is as follows: 21.25x10° t under the natural development
scenario, 22.17X10° t under the ecological protection scenario, and 21.13x10° t under the urban development scenario. Compared with
2020, carbon storage decreased in all scenarios except for the ecological protection scenario. [Conclusion]The study shows that the
expansion of bare land and construction land is the main reason for the decline in carbon storage. To achieve the carbon peak target
by 2030, ecological restoration of the mining area should be strengthened, and grassland coverage should be increased.

Key words: rare earth mining area; carbon storage; PLUS-InVEST; land use change; multi-scenario simulation
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Figure 2 Land use status of Bayan Obo Mining District from 2000 to 2020
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Figure 3 Driving factors of land use change
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Table 1 Matrix of land transfer costs in the Bayan Obo Mining District

TR AR ARE(QL) AR P(Q2) WA RE(Q3)
Scenario mode Natural development scenario Ecological protection scenario Urban development scenario
LIRAIHAEE A B C D E A B C D E A B C D E
Land use types

A 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1
B 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1
C 0 0 1 0 0 0 0 1 0 0 1 1 1 1 1
D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
E 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1

FE AR B RO CORIR DL B AR b,
Note:A.Cultivated land ; B.Grassland ; C.Waterbody ; D.Bare land ; E.Construction land.
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Table 2 Carbon density of different land use types in Bayan Obo Mining District t*hm™
A Y M FEREE(C,,,.) R (C,,,,) T HERREEE(C,,) TR E (C)
Land use types Aboveground carbon density underground carbon density Soil carbon density Dead organic matter carbon density
Hiith
Cultivated land 3.88 336 83.59
b Grassland 1.25 7.59 89.47 -
JKM Waterbody 0.00 0.00 0.00 -
#itih Bare land 0.68 1.31 40.08 -
e
i 0.00 0.00 36.58 -
Construction land
2 FER5H5H
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Table 3 Land use change of Bayan Obo Mining District

— TR AR
2000 2010 2020 20002020 A P22 1t

+ b A A Area change from 2000 to 2020
Land use types T F/hm? i H/% T F/hm? i H/% M /hm? 5 H/% M /hm?
Area Proportion Area Proportion Area Proportion Area
*}T—f@ 1034.23 2.86 440.70 1.22 372.28 1.03 -661.95
Cultivated land
B Grassland 33537.68 92.65 32 065.08 88.58 29 512.51 81.53 -4 025.17
FKAK Waterbody 20.37 0.06 76.16 0.21 102.19 0.28 81.82
#Hb Bare land 619.29 1.71 2 041.90 5.64 3956.10 10.93 3336.81
L
BT 985.77 2.72 1573.49 4.35 2254.26 6.23 1268.49

Construction land

212 EIAVRHEBFIE  H IR X 2000-20204F 8] 4 Ho ) I A sh 2820 BRI Dl in k4. W5
XS -t st 1) FH 28 R0 i AR % A T AR AL, B RS T4 717.65 hn?, 3 [ A4 A L RS 1 AN 3
418.88 hm>H11 064.37 hm?; #Hb HT AR A 34 h0 , L 619.29 hm2 K 53 956.10 hm?, 5% AR F 5 EEHh, AN
3 462.57 hm?; HE T Hb [A] AR L 18 K A 34 BN AR A 1 268.49 hm?, 5 A K IR 5 2 B, AR 1 269.26 hm?,
AR, R A2 1 A A b 0 A 5 FH b2 - R FH AR b ) F2 SRR, S T XN TR sh A AT
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T4 200020200 E B =SPEN X b FI A BB LEE

Table 4 Land use type transfer matrix of Bayan Obo Mining District from 2000 to 2020 hm?*
AR — = . \ A il R
b i) P R I .
Land Use Types L . Total ~ Total outgoing transfers
Cultivated land ~ Grassland Waterbody Bare land  Construction land
.*#ﬂﬁ 214.94 612.72 14.95 42.27 149.35 1034.23 819.29
Cultivated land
FHB Grassland 154.12 28 820.03 80.28 3418.88 1064.37 33 537.68 4717.65
IR Waterbody 2.58 4.51 4.64 1.42 7.22 20.37 15.73
ER b Bare land 0.64 75.12 1.68 493.53 48.32 619.29 125.76
2000 A
8 . 0.00 0.13 0.64 0.00 985.00 985.77 0.77
Construction land
S5 Sum 372.28 29 512.51 102.19 3956.10 2254.26 36 197.34
LEYNESy

157.34 692.48 97.55 3462.57 1269.26 5679.20

Total incoming transfers
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T XA AR T 1) HA P SR B A 54 75
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Figure 5 Land use distribution of the three scenarios in Bayan Obo Mining District
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Table 5 Proportion of land use types in Bayan Obo Mining District under the three scenarios

FI R A R AT 5 AP AU RN R
|- s ) A Natural development scenario Ecological protection scenario Urban development scenario
Land use types TR /hm? i /% T F/hm? i He/% TR /hm? i /%
Area Proportion Area Proportion Area Proportion
.ﬁﬂﬂ 335.68 0.93 849.95 2.35 355.78 0.98

Cultivated land
il Grassland 27 330.94 75.51 29 022.99 80.18 27 018.46 74.64
JKAR Waterbody 115.2 0.32 115.46 0.32 115.07 0.32
#RHb Bare land 5414.39 14.96 3530.6 9.75 5567.99 15.38

L 3001.12 8.29 2678.33 7.40 3 140.03 8.67

Construction land

Iz SR AT DXCPEAS [R5 55 T B M AR AR RHIE ANk 6, a0 OB, w] LU M & AN [l 5T i
H ISR B 23 ()RS Jr i 28 M HARAG a3 . 70 FLAR A R 5, et v ARIV] i b R R IR B O 7.39% , R 11
FE 1 P b T R 0 R W 8, 386 08 43591k 36.86% 1 33.13% , e Bt T A& s i AEZS RGE I THE A R fa
A 2SR AP S LI A A 25 A S FL bR, 3R B G I A AR A SRR AR, G rb B TR 2 B, R
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*k6 BRBEH RIFBEFRTIM LA AREERSTHE

Table 6 Area and change rate of three land use types under the three scenarios of Bayan Obo Mining District

FEAE B FHl PIIN Mt gt dibii)
Scenario model Cultivated land Grassland Waterbody Bare land Construction land
0} 2
2020 ﬂf.ﬁf,\/hm 372.28 29 512.51 102.19 3956.10 225426
Area in 2020

20304F A 2R & A S A/hm?

. 335.68 27 330.94 115.20 5414.39 3001.12
2030 natural development scenario area
He A =i 2
20304‘2131“ pra hﬂ%h{ﬁ$ /h.m 849.95 29 022.99 115.46 3530.60 2678.33
2030 ecological protection scenario area
4 :i 1 S AR R B {n 2
2030 AR AR B/ b 355.78 27 018.46 115.07 5 567.99 3 140.03
2030 urban development scenario area
AR R LR A 2R
2030 4 [ AR AR rﬁ}f\l?ﬁ?{/% -9.83 -7.39 12.74 36.86 33.13
2030 natural development scenario change rate
AEAE TS B AR AL 5%
2030 BRI R RILL/% 128.31 -1.66 12.99 -10.76 18.81
2030 ecological protection scenario change rate
L e
2030 FESREUR A S22 1L /% -4.43 -8.45 12.61 40.74 39.29

2030 urban development scenario change rate

25 A AN A S = 0 1 R R AR f R s nT 0, s M 0 9K AE F AR & TR MU & R S N LN B i,
T A A ORI S S ) TR R A K AR R R TR s sl 2D T R T R AR 51X R PSS ) 80 5 Iz e
T A SRR T A AR A M RIS
2.3 WHEETHITHRHEEEHN
231 =S R4k E RAEME I HInVESTA RIS 2= SR X R fif i A TR 8L (E6) . BFFTIX K
T8 43 B Bl iR 7 2000~ 20204 8] A & A= I i A8 4k (TRl 6a~ R 6c ) o B fith A8 AL 35 K 0 IX ek 3 B4 vh e LI & L
R 14 AR M B A A 2 R A AT ) A1 T R L, i i SR B B TR R s, BRI R AT R R
M DK g AT 5Kk . BRI i f A0 b 5 30t DA LU Sk s, 328 A8 1) &) BBl X B R A sl 2B 34

M2z ER AT X 2000, 2010, 2020 4F R fif 143 91 2.41x10°,2.33%10°,2.22x10°t, 5 F FE #4444 2000-2010
A 2 SR X E i i 2 8.60x10% £, A XS T 2000 4F, 120 3.56% 5 20102020 4F- 1% DX 35S i fifs 02> 1.1
10°t, AHXT T 2010 4F , 987 4.76% . 2000-2020 4F- [ 2= SRIEA X S BAE f il 2D 1.97x10° t, iR 2> 8.15% , 4F- 43k
1>9.85x10° o B HE # B, 9F 5 DX B fifh 12 A2 1sF () RUBE ) B S8 5 g, LI/ R 3A4HE 2010 4 J5 8 BTl , 3 = 2205 F
AV R R R H RS, JUHIE A = SR FF R TG sl W, B0 i 2R D . R IR G R
AR AR B IR, 32 B i it B 2 0 RV IS T — e A B R I (D i TR TAEE
AT BRI H) A R i IR, ELAT b 22 5% A Pk J S 2 i IX (0 idF— 2B % &, i I s e it it o PRI G A
2000-2020 4F-[] () Bl i 1t A8 AL A BE 78 0 i LA 52 8508
232 2030 RRMEF TR B PLUSEEALR B B3R5 5t T 19 1 b FH L B 10 0 25 51 (3% 6) I
InVESTH RS FIN 1) 45 1= MR SR B fig i (67) o] LA ZE2S (1404 I, = SR IR X 20304 2516 5 T B fifh
520205 PRl i o3 A e BEARL . F Il 6d~EI6fRT A1, AL A8 ORI Se7E ORFF [k AE 77 7 T 2 W 80) . i
FI SRAF S5 B R R 1 e e e i et 2 () 93 A AR BLBE 3¢, 29952 BT 4 5K A s i, 5 S0 it ot A Rt 2
Zr LT, AR ARG SO e DX A 2 1 OCEEVE A, MITE A AR IS SRR R I 50T, e i AT 2k
AU 5K, M 75 2R BUAT 23R = R P A5 4 5 A S AR B it

26 7 T, A SR IS B R MR A R B iR, 5 2020 AR AR B B A HL , R BRIE EE AN 0.9%10° t, [ IR A
0.41% B i i FE A D HERFANAR o 3k B, SR 8000 A 548 5 15 it o] LA R 5 X S8 ) BBk BE . S5 e A
XoF, A A1 e it o 728 AR B2 ABR, Herh B SRS S IR 4.19% , AR R e Ry 4.73% o 3K R WY, 7 g 52 % e
AR, A P R 2 o T B0 T B B IS, AR A s AR 2 2R RS o
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d.2030 F SR K ST 5t

B Nature development scenario of 2030

b.2030 2L A 41 5t

Ecological protection scenario of 2030

¢.2030 AT K AT 55t

Urban development senario of 2030

T fiti i/t
Caﬁfsmmge o177 78354 [ ]355-531 [s5.32~7.08 [l7.09~885 Q 2 4 8km

El6 B=SHER X2000-2030%(EE 57
Figure 6 Distribution of carbon storage in Bayan Obo Mining District from 2000 to 2030

R7T BA=SEH X2000-20304F & + it F) A X B B4 =
Table 7 Carbon storage of various land use types in Bayan Obo Mining District from 2000 to 2030

£ R PSS R A% 42/ (X 10 ©)

g5 Carbon storage of each land use type BB/ (X104 1)
Scenario model i By IR i, S5 Total carbon storage
Cultivated land Grassland Waterbody Bare land Construction land
2000 6.71 230.27 0.00 1.58 2.90 241.46
2010 2.86 220.16 0.00 5.22 4.62 232.86
2020 2.41 202.63 0.00 10.11 6.62 221.77
IRK
2030 [ AR 2.18 187.66 0.00 13.83 8.82 212.49
2030 natural development
P
2030415.%”” Py . 5.51 199.28 0.00 9.02 7.87 221.68
2030 ecological protection
2030 4FIRBLA e
2030 urban development 2.31 185.52 0.00 14.23 9.23 211.29

3 RS

AHTFEIE I 73BT 1 22 ST X 20002020 4[] 3 2 56 45 Bdie 4 I, Bty R BT s i A A R A S AR
Gtk fif e ) Z A8 A ) S IR S0k R R 0 A OO T S K L B RE D RO BIE ST A SR — B, R [ Btk R A 2
gt T AR LA DK VTR 4 A FH 3, e 3t 38 A0 AR R P ot 2 3 o e i el ) B L i A )
& SRR, W5 DT G 300 IV Bl i ek 52 T ol 5, EL i Bt 1) 2 18] A1 5t ) P 840 A v B2 — 380, s fELIX 20
AT TR i B A L ey 14 e R (L DX P 20 A T SR RS 3 T M DX, 5 ) R BT ML 5 A% L
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Bl AR R DR, R, T BB AR 1 e it F A A, 3R 2 482 S o B BH T 1) ke it 8 AR AR, R I T -
A 2870 5 Bk i 2 A Ak LA v — 0 v 2 8 b 2 1) b 2 3 b 2 1 A S B30 DX el R i i 02>
U, b BRI RS FH M ) B AR A T X A Ak P 2 SC SRR A B A R R R G T A S
ROl B RE L,

A b I AR AT e it o 7™ A= BT RE ), A 2 R A AR A e R (AR G B R A e S v,
AR BB R SR . B E S AL, Rl LSRR 0 PEAS AN [R] ) R AR O B i O 25 5, ARATR SR
BB 3FIE F, H AR R IS SRR & v 5 i i ity i AR 2 KRB T Bt 3, b e AR R RIS S0 T, i
SR 2 PR 3 Bl B bR A R TR N, A S RS R AE R ) ORI s L R RS T ik
fifg R 0 T B, T2 D PR AR T ) R S R DR i i %) R e A A L e Sk AE e fi o 1 2 A2 FH M [) S 3R
AR A R P R B HE TR I A — A i T DX ST AR A L 2R A S AR I A S R Y X R R
BRGE hf T BRIRE D5 ISR , 5 2020 4 fifs B IE A CR R — 80, F0 IR EE T AR 25 PR3 BOR X A i b X e
AR 1 CEEVE o 31 S50 T AR et 1R b R FH AR A AT BRI R, ORI [ O A5 A A FH i
AR M FBR HE fe 151 % R IR A — 8tk . PRI, Rk s DX R R P 4 5 ) A A R HMEBLH], DL A b A1 -
et it " DR AR AL A% O B 3 BRI R A B IR IR 2 5% A1 B8, D e AR 4 sl b 28, 607 2 & F e
3 BB A 5 T, I ARFER RS 50 S B0 sl A5 i 4, 38 b Ay e v e e o 1) - b R PSS =, N A B A5 Dl 22 i
fiti i BT %, IR RE S B IX S8 A 2 R GE K AR AR

AHFE L, R B,  HOA) 28 (B0 AR FRAEF 58 & B, 1 2= SR DA fith o o AR (B Hh e 0 L B HL ] X
B, BE B LU PR BRI ik 6 AR XS s ST X PR R A SR B DA G . b AE R R G
FANLERY (] B, A A IR A M 55 , KRRV 4 b L B o, 5 e 2 A S B B, RS RGNS i, 1E—
A TIR T R B . 2000-2020 48], 2 BRI DX IR Aif 1 52 BRRREE T A, BTk 19.68x10%t,
T RENREE N 8.15% . Hirf1,2000-2010 4F[1], fifcfifi 2 451 5% 8.60x10* t, T R M £ 4 3.56% 5 2010-2020 4F- [i1] , ik fifs 12
PR 11.08x10%t, T IR BE R 4.76% ; A0 LU T 5 Acfifi 1 T R it — 20 i o i FH b R bl v RS 384 0, 1
oGP AT DX TR R A 25 20 4F () RF 080, 3 S BT Bl A RR LI R o I E FAR R R A AR R IR
R 3T 5t , 2030 4F [ = BRI X AR il it A AR BE A R I 3RS SeBL il it i 55 2020 4R AR LE , A2 28
PP SR BB A B e e, N 22.17X10°t, FRE0.9%10°t; [ 2R & A5 52 F IR A% 4 21.25%10°t, F % 92.80x
107 t; T A4 2 SR 17 et e e K, oM 21.13X10°t, R 105.00%10° 1, 3R SR T 1 o= SR8 IX Bl fids i /0
HREE FR AR Ll NG sh AR B T o AR T @ s A LU A S AB AT e b TR AR 1 A

25 LA, (2 SR AT DX B it o AR 2 20 A (I RELE T R, R A7 B A LY Sk AT R R S
AN ] A A I ST i i AR AL R 3R B, AR AR I RS AR RS R 1 TR A5 T OCERME T . R 2030 4RI
FI S B IR U (1) BB | A St B s 6k Ll K HLJE s A 7 A 2B A, 38 v b T A 5 3l o D R e 5K B T
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